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Abstract  
 
 This paper describes the development of an online tutoring program aimed at the 
identifying and remediating common misconceptions associated with the Earth’s tilt, heating of 
the Earth, and the cause of the seasons. This is done through the use of three interactive 
microworlds i.e., simulations of the concepts being conveyed. The first microworld simulates 
traveling to different hemispheres on the globe. The second simulates the angle of the Sun’s 
rays on the Earth based on the angle of the Earth’s axial tilt. The final microworld simulates the 
orbit of the Earth around the Sun. Testing was done on a group of students from a middle 
school in Central Massachusetts. Using the results, we then determined whether the activity 
helped students in terms of the acquisition of these concepts. 
 
 
 
 
 
 
 
 
 
 
3 
 
Table of Contents 
Abstract ......................................................................................................................................................... 2 
Table of Figures ............................................................................................................................................. 4 
Introduction .................................................................................................................................................. 4 
Methods ........................................................................................................................................................ 8 
Participants ............................................................................................................................................... 8 
Materials ............................................................................................................................................... 8 
Microworld #1 - Map Microworld ......................................................................................................... 8 
Microworld #2 - Exploratory Microworld ........................................................................................... 11 
Microworld #3 - Seasons Microworld ................................................................................................. 13 
Vocabulary Pretest .............................................................................................................................. 16 
Procedure ................................................................................................................................................ 21 
Results ......................................................................................................................................................... 23 
Item 1# .................................................................................................................................................... 25 
Item #2 .................................................................................................................................................... 26 
Item #4 .................................................................................................................................................... 27 
Item #5 .................................................................................................................................................... 28 
Item #6 .................................................................................................................................................... 29 
Item #7 .................................................................................................................................................... 29 
Student Results ....................................................................................................................................... 30 
Student #1 ........................................................................................................................................... 30 
Student #2 ........................................................................................................................................... 31 
Student #3 ........................................................................................................................................... 33 
Student #4 ........................................................................................................................................... 34 
Student #5 ........................................................................................................................................... 35 
Student #6 ........................................................................................................................................... 36 
Student #7 ........................................................................................................................................... 37 
Student #8 ........................................................................................................................................... 38 
Student #9 ........................................................................................................................................... 39 
Conclusion ................................................................................................................................................... 40 
 
4 
 
Table of Figures 
Figure 1: Map Microworld Globe Image ....................................................................................................... 9 
Figure 2: Hypothesis for Map Microworld .................................................................................................... 9 
Figure 3: Map Microworld .......................................................................................................................... 10 
Figure 4: Map Microworld Interpretation .................................................................................................. 11 
Figure 5: Exploratory World ........................................................................................................................ 12 
Figure 6: Example Hypothesis for Seasons Microworld .............................................................................. 13 
Figure 7: Example Hypothesis for Seasons Microworld .............................................................................. 13 
Figure 8: Seasons Microworld ..................................................................................................................... 14 
Figure 9: Interpretation for Seasons Microworld ....................................................................................... 15 
Figure 10: Item #1 ....................................................................................................................................... 17 
Figure 11: Item #2 ....................................................................................................................................... 18 
Figure 12: Item #3 ....................................................................................................................................... 18 
Figure 13: Item #4 ....................................................................................................................................... 19 
Figure 14: Item #5 ....................................................................................................................................... 19 
Figure 15: Item #6 ....................................................................................................................................... 20 
Figure 16: Item #7 ....................................................................................................................................... 21 
 
 
Introduction 
 During the middle school years, students tend to become attached to personally conceived 
ideas of the universe that they piece together from random data gathered from scattered sources. If not 
corrected, these misconceptions will stay with them until the person discovers otherwise (Clement 
1983). Technology is becoming a larger part of the classroom environment each year. When given the 
opportunity to learn on their own and perform their own inquiry, students tend to learn more deeply 
(Gobert et al, 2007, 2009). Computer models are commonly used as methods for studying natural 
processes. Once a model has been generated and can be effectively compared with the process it is 
made to simulate, the model becomes a viable teaching tool (Kastens, 2008). Research shows that the  
use of models has been successful. The opportunity to have students interact and manipulate such 
models is assumed to prove even more advantageous for students’ learning. Teachers generally dislike 
the lack of flexibility for teaching when given a static curriculum to adhere to; they prefer to have the 
5 
 
opportunity to generate their own activity for teaching topics required by the state's educational 
framework. Having flexibility with their activities has shown positive feedback from teachers (Shirley, 
2011). The National Research Council recommends the use of an inquiry cycle in the learning of science 
(NRC 2005). The science inquiry learning cycle is a valuable tool for learning in terms of students’ science 
literacy in the long-term as well (Blake, 2009). Furthermore, students with the opportunity to develop 
their own inquiry process can successfully engage in scientific learning (Paysnick, 2010).  
 
 As previously stated, middle school students tend to become attached to personally conceived 
ideas of the universe that they piece together from random data gathered from scattered sources 
(Clement, 1983). If not remediated, these misconceptions will stay with them until the person discovers 
or is taught otherwise. In a study conducted in Taiwan, two ninth grade science classes were taught the 
causes of seasons through the use of a conflict map. The Conflict Map was a map of ideas in which the 
conflicts within the ideas were clearly outlined and taught the students the causes of the seasons based 
on their knowledge of what did not cause the seasons (Tsai, 2005). By showing the students all the 
wrong answers, only some were able to deduce the correct ones. This did not prove to be an effective 
way to teach students the causes of the seasons. In order to teach the causes of seasons, we avoided all 
the methods that did not achieve success from the studies we observed.  
 
 A common problem with current science instruction is that the students lack major 
opportunities to develop their own inquiry processes (Blake, 2009). Another problem in current science 
instruction is the lack of analysis of large quantities of data in order to produce conclusive results as to 
whether the students have learned from the curriculum provided (Guo, 2009). However, with the use of 
Science ASSISTments (www.scienceassistments.org) as our delivery infrastructure, we were able to 
collect and evaluate a fairly large dataset that was gathered from our trial run with the students in this 
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study. Science ASSISTments is a program run by Dr. Janice Gobert at Worcester Polytechnic Institute 
(Gobert et al, 2007, 2009). The Science ASSISTments program is one which seeks to develop the inquiry 
skills of middle school students and the improvement of said skills through the use of interactive 
computer microworlds.  The microworlds are interactive worlds, which allow students to form 
hypothesis, predict the outcomes of an experiment, perform an experiment, observe their data, analyze 
their data, and form conclusions based on their experiments. For a web-based learning environment, 
individual support for students becomes more important (Guo 2009). Science ASSISTments microworlds 
are used by students individually, allowing for each student to receive a custom tutoring experience 
(Gobert et al, 2007; Gobert et al, 2009). 
 
 Science ASSISTments is an online site, which allows teachers to utilize a learning environment 
for their students. Using Science ASSISTments, teachers can use learning modules in which students 
answer questions, conduct experiments, and record data. All results are recorded by the Science 
ASSISTments site and are laid out in an accessible fashion in order for the teacher to evaluate how 
his/her students have performed in the activity. Science ASSISTments is currently being utilized by many 
teachers. 
 
            We were able to address a number of students’ misconceptions using Science ASSISTments.  The 
first misconception we addressed was the notion that the seasons are not the same worldwide. For 
example, a student may believe that the season occurring in the eastern hemisphere is different than 
the season occurring in the western hemisphere. To overcome this misconception, we provided the map 
microworld, designed by us and implemented by Ermal Toto, a software engineer for the Science 
ASSISTments project. The map microworld let the students travel virtually between hemispheres and 
showed the temperatures in the locations. We hoped students would see that the temperature of a 
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location is affected by its distance from the equator, and that the season does not actually change 
despite the temperature by using this activity. 
 
The second misconception addressed is the belief that the Earth is not tilted. This misconception 
was addressed by the exploratory microworld, also designed by us along with the Science ASSISTments 
group. We had the students experiment with the tilt of the Earth using the microworld. The students 
were able to observe the angle of the Sun’s rays on each hemisphere depending on the Earth’s tilt. With 
this experiment, the students had the opportunity to discover that the seasons are caused by the 
uneven heating of the Earth. 
 
The third misconception addressed is the belief that seasons are based on the Earth’s distance 
from the Sun. For example, summer is hotter because the Earth is closer to the Sun. The same 
misconception applies for winter, with the belief that the Earth is further from the Sun. In order to 
address this misconception, we designed the seasons microworld.  This microworld allowed the students 
to choose a location and observe the temperature changes in that location as the Earth revolved around 
the Sun. The tilt of the Earth was kept constant to show the students that the Earth is, in fact, on a tilt of 
23.5 degrees.  With this activity, the students were to get a better grasp on the idea that the seasons are 
caused by the uneven heating of the Earth. 
 
 By utilizing the Science ASSISTments framework, we developed a seasons microworld activity to 
tackle these misconceptions and cover the 11th strand of the Earth Science Massachusetts curricular 
framework, which states “Explain how the tilt of the Earth and its revolution around the Sun results in 
an uneven heating of Earth, which in turn causes the seasons.” The seasons microworld activity 
consisted of a pretest, a series of three microworlds and then a post-test for comparison to the pretest. 
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Methods  
 
 
Participants 
 
 The participants for our activity were 43 students from four sections of a suburban school in 
Central Massachusetts, all taught by the same teacher. These students had not covered the topic of 
seasons with their teacher so this was the first time that they had seen this material in an educational 
context, allowing us to examine the amount of knowledge the students acquired. 
 
     
Materials 
 
 Our activity was generated using ASSISTments software which allows for the creation of learning 
activities. For our activity it was advised by the Science ASSISTments department who has a great 
amount of experience when creating science related activities. Once created, the activity was stored at 
assistments.org for testing and data collection. 
 Our activity was organized into the following sections: vocabulary pretest, pretest, microworld 
1, microworld 2, microworld 3, and post-test. These sections are described below. 
 
 
Microworld #1 - Map Microworld 
 
 The map microworld let the students simulate traveling from one location on the globe to 
another and the effects of the average temperature during either spring, summer, fall or winter. When 
the student first entered the activity they were presented with the question, "Look at the map below. If 
you left from Worcester in June to travel to Punta Arenas in Chile, how will the temperatures at your 
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destination differ?" For reference, the student was provided with a globe image with the choices of 
locations presented below.  
 
Figure 1: Map Microworld Globe Image 
 
 To respond to the question students used the Science ASSISTments hypothesis widget that 
guided the student through a correct hypothesis. A sample is provided in the image below. 
 
 
 
 
Figure 2: Hypothesis for Map Microworld 
 
 
 The student was provided with all of the city locations seen above in the map for initial and final 
destination, the months of March, June, September, and December to represent the seasons, and the 
choices of normal, higher, or lower for average temperatures to generate their hypothesis. Once 
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generated, Science ASSISTments logs the submission and then directed the student to the microworld. 
The hypothesis generated above is the ideal hypothesis to be generated to answer the question 
mentioned above, though the student had the opportunity to generate any hypothesis.  
 
 
Figure 3: Map Microworld 
 
 Above is a trial of the example hypothesis above. The plane started in Worcester, MA and 
recorded a temperature reading. Next the destination was Punta Arenas, Chile and there in fact the 
temperature was lower.  
 
 We chose the optional cities to have a spread across the different hemispheres. Using the 
microworld, the student was able to witness the change in the average temperature as the plane 
traveled between locations. The student was able to adjust the month of the simulated travel in order to 
see how the temperatures change with the month of the year. From this, the students saw that the 
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temperature of an area is based on how far the location is from the equator, and that the temperature 
is opposite on the opposing hemisphere by running and comparing trials.  
 
 Once the student ran as many trials as he/she desired, the student generated an interpretation 
of their data using the Science ASSISTments’ system interpretation widget. After interpretation 
submission, the student moved into the next microworld. 
 
 
 
Figure 4: Map Microworld Interpretation 
 
 
Microworld #2 - Exploratory Microworld 
 
 
              The exploratory microworld allowed the student to observe the effects of changing the angle of 
the Earth’s axial tilt on the angles of the Sun's rays.  
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Figure 5: Exploratory World 
 
 
 In the example trial above, the students saw the angle of the Sun's rays on each hemisphere as 
the Earth orbits the Sun. The purpose of this microworld was for the students to observe how the 
Earth’s axial tilt causes it to be unevenly heated. If the students chose to run the experiment with no tilt, 
they saw that the Earth would be heated evenly year round. This served as a visualization of the change 
in the angles of the Sun's rays with respect to locations on the Earth when there was a change in the 
Earth's axial tilt. 
 
 Once the student ran enough trials, the student was presented with the following question. 
"Using the microworld above, what can you conclude about the angle of the Sun's rays and the Earth's 
axial tilt?  Note that we can't really change the Earth's axial tilt, nor does it change by itself within an 
observable time. What do you think would happen if the Earth was not tilted in relation to the Sun? 
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Write you answer in the box below." We wanted the student to have the opportunity to change the 
Earth's axial tilt and see the effects on the angle of the Sun's rays, though there was concern that 
presenting the student with this microworld would create a misconception that the Earth's axial tilt 
changes in our life time, hence the red comment in the question above. 
 
 After the student answered the open response question, the student was directed to the final 
microworld.  
 
 
Microworld #3 - Seasons Microworld 
 
 The seasons microworld allowed students to pick from different locations on the globe and see 
the temperatures during different days of the year.  First we provided the hypothesis widget to allow 
the students to generate a hypothesis relating the day of the year to either the Earth's axial tilt or the 
angle of the Sun's rays. 
 
 
Figure 6: Example Hypothesis for Seasons Microworld 
 
Figure 7: Example Hypothesis for Seasons Microworld 
 
 After the student generated their hypothesis, they were directed to the microworld to test the 
hypothesis. 
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 In the microworld, the students were able to experiment with the day of the year and view the 
changes in temperature and the angle of the sun's rays. The student was able to observe the amount of 
direct sunlight the location is receiving during the day of their choosing and relate it to the temperature 
at that time in a location on that hemisphere by recording and comparing trials. 
 
 
Figure 8: Seasons Microworld 
 
Above is an example of running trials in our seasons microworld. The student selected the day of the 
year by using the slider at the top of the window, and then selected record trial. The trial recorded the 
date, the average temperature at night for the a location equally distant from the equator in the 
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northern hemisphere and the southern hemisphere, the approximate angle of the sun's rays during the 
day a location equally distant from the equator in the northern hemisphere and the southern 
hemisphere, and the angle of the Earth's axial tilt. The hypothesis the student generated previously is 
presented at the top of the microworld for the student’s reference.  
Once the student finished their trials, the student was directed to a new page where they analyzed their 
data.  
 
Figure 9: Interpretation for Seasons Microworld 
 By using the interpretation widget above, the student took the trials and created a statement, 
which either supported or refuted their hypothesis. Once the student made their interpretation, Science 
ASSISTments logged the information. The stored interpretation and hypothesis and trials ran allowed us 
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to go back and analyze what the student had done within this world and determine if they ran correct 
trials corresponding to their hypothesis and generated correct interpretations. 
 After the student completed the final microworld, they were directed to the post-test for a final 
assessment. 
 
Vocabulary Pretest 
 
 This section consisted of three questions, which covered the definitions of the axial of a 
geometric shape, the Earth’s axial tilt, and the concept of a hemisphere. The learning environment did 
not allow for the students to continue until they answered the question correctly. This was implemented 
to cover the vocabulary the students would be seeing frequently in the microworld activities.  
 
Pretest / Post-test 
 
 The pretest was an assessment containing seven questions from existing MCAS and REGENTS 
tests (standardized assessments for Massachusetts and New York State), and questions developed by 
the Earth Science IQP team alongside our advisers on this project. The pretest was designed to give us a 
quantitative measurement of the students’ existing knowledge of seasons.  After the activity, a post-test 
created from the same items was presented to the students; from this we could obtain a direct 
comparison of the pretest and post-test and determine whether knowledge was acquired from our 
activity.  
 
 
Item #1 
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 The first item of the pretest asked the student, “On which date does North America usually 
experience the longest period of daylight?” While the topic of day length was not covered in this 
microworld activity, the change in day length is directly correlated with the changing of seasons. This 
question checked to see if the students knew that day length changes throughout the year, relative to 
the change in seasons and relative the their location on Earth. This question served as a test of the 
students’ basic knowledge of seasons but since it was not covered in our microworld, it would be 
considered a non-relevant item when performing our statistical analyses.  (Oswego District Prep Center) 
 
Figure 10: Item #1 
 
Item #2 
 
 The second item of the pretest asked the student, “What is one factor that contributes to 
seasons occurring in Worcester?” This is the primary topic we were trying to cover in our microworld 
activity. Stated earlier, one of the more common misconceptions of the cause of the seasons is that the 
Earth’s distance from the Sun changes throughout the year. This question checked to see if students 
possessed that misconception before completing our activity.  (REGENTS 2010) 
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Figure 11: Item #2 
 
 
Item #3 
 
 Item #3 is worded: “The path of the sun, when observed daily, changes with the seasons 
because ___”. The students must fill in the blank with one of the following choices:  “Earth’s axis is 
tilted”, “Earth’s distance from the Sun changes”, “The Sun revolves around Earth”, and “The sun 
rotates”. This question was similar to the previous question as they both used the sun as a distracter 
choice. Although our activity did not demonstrate the path of the sun and how it changes with the 
seasons, the third microworld shows how the angle of the sun’s rays changes with the seasons. This is 
related to the path of the sun, and the direct cause of the seasons.  (Oswego District Prep Center) 
 
 
Figure 12: Item #3 
 
Item #4 
 
 The fourth pretest item stated, “Summer days in Worcester are likely to be hotter than winter 
days because in summer______”. This is an additional question that addressed the misconception that 
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the Earth’s distance from the Sun affects the temperature and seasons of Earth, and thus would be 
covered by our activity and considered a relevant question. (Oswego City Prep Center) 
 
 
Figure 13: Item #4 
 
 
 
Item #5 
 
 The next pretest question asked, “On average, which of the following locations is the hottest?” 
This question presents the student with a city known for its warmth “Miami, FL”. While Miami on a 
given day may be hotter in the summer than most locations on the Equator, the question stated “On 
average” not “which location” can typically get the hottest. Since the angles of the sun’s rays are 
consistently at the same angle at the equator, the equator is, on average, warmer than the other 
locations presented. This topic was explored with within our first microworld.  (IQP Team) 
 
 
Figure 14: Item #5 
 
Item #6 
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 The sixth pretest item asked, “Which of the following statements best explains why it is warmer 
at the equator than at the North Pole?” The equator has more hours of daylight per year than the North 
Pole.” This question of the pretest immediately followed the 5th pretest item as both questions were 
related. This question examined what the student thinks the major cause of temperature is: the length 
of the day or the concentration of the sun’s rays.  (MCAS 2010) 
 
 
Figure 15: Item #6 
 
 
 
Item #7 
 
 The final pretest item read, “The table below shows the average monthly temperatures for 
Massachusetts over a 30-year period. The average temperature for April is missing. Which is the best 
estimate of the average temperature for April?” Although this question did not require a prior 
knowledge of the seasons to complete, this question introduces the kinds of temperature the student 
experiences in Massachusetts and the typical changes of temperature throughout the year. Similar to 
Item Number 1, this question's topic was not covered in the material of the activity and thus would be 
considered a non-relevant question when analyzing the knowledge retained from our activity. (MCAS 
2010) 
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Figure 16: Item #7 
 
 After the pretest was completed, the activity immediately took the student into the first 
microworld activity. 
 
Procedure 
 
 Utilizing the school’s laptop computers, we instructed the students at the beginning of each 
class section to sign onto their Science ASSISTments account and then proceed with the science activity. 
The students were instructed to work on the questions independently and to answer each question to 
the best of their knowledge.  
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 The students were encouraged to ask questions when they were confused about portions of the 
activity. We answered questions about instructions regarding the activity, but did not answer questions 
pertaining to the material; our intent was to assess the knowledge of each individual student.         
 
 Each of the students used their own ASSISTments account which stored every action that the 
student performed within the activity. All actions of the students were compiled into one single text file. 
Viewing this log file, we had the ability to access what every student did throughout all of the activity. 
Within the log file, all of the students were anonymously assigned numbers for confidentiality. In 
addition to the log file, ASSISTments produced a summary of each student for the teacher. The teacher 
summary provided each student’s overall scores, pretest scores, post-test scores, and individual item 
scores; students’ names were given for the teacher’s reference.  We performed statistical analysis to 
determine the change in score averages from before the activity to after the activity using the overall 
scores and the scores of individuals. 
 
 The log file generated by Science ASSISTments contained logs of every student’s action 
throughout the activity. This allowed us to analyze each step the students performed during the 
assessment.  When a student types an open response or answered a multiple choice question and hits 
submit; the information was then stored by Science ASSISTments and saved to a text file. Each piece of 
information saved by Science ASSISTments was delimited by a tab, which allowed us to import the text 
file into excel for sorting and viewing. An example of the information we used from a log is seen below. 
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Table 1: Log File Example 
Timestamp   Wed Mar 02 09:22:35 2011 
ASSISTment #  149782 
Student ID 107427 
Variable Current Hypothesis 
 
Display Text 
 
My Current Hypothesis: 1. If I change the day of the year, then the angle of the sun's 
rays will change 
 
 
 
 The time stamp displays the time in which this particular student performed this action in the 
activity. The ASSISTments number pertains to a known portion of the activity, in this case our third 
microworld. The student ID is a number anonymously assigned to each student. This allowed us to sort 
the data based on an individual student’s actions, which allowed us to match a student's action in a 
particular microworld to correct or incorrect responses the student may have made during the 
pretest/post-test of our activity.  
 
 The variable was the type of action this student made, in this case the student generated a 
hypothesis which is displayed under Display Text. This information was used to analyze a student's 
actions within our activity and helped determine if they understood the material presented by the 
activity. 
Results 
 
 The following presents the results of our activity in the form of t-tests performed on the 
averages for the pretest and post-test scores containing our target items, and on the pretest and post-
test scores containing our non-targeted items. Following the t-tests we examined each individual item 
and their independent scores by performing chi squared tests. Previously mentioned in the materials 
section, pretest Item Number1 and Item Number7 served only as general content knowledge and 
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concept of temperature change and day length. These topics were not directly covered in our activity 
and since our overall goal was to test the effectiveness of our activity, these items can be treated 
separately. 
 
 
   Table 2: T-Test for Targeted Items 
  Pretest Post-test 
Mean 0.693023 0.84186 
Variance 0.076855 0.052492 
Observations 43 43 
df 42  
t Stat -4.21916  
P(T<=t) two-tail 0.000128  
   
    
  
 Our goal for this activity was to ideally observe a gain from the pretest to the post-test. The 
results of the t-test above shows there was a 14% gain from the pretest to the post-test and the 
difference between pre- and post-test scores on these items that was statistically significant based on 
our p value for the two-tailed test. To determine if there was any significance on the non-targeted 
items, we performed a t-test and the results are below. 
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   Table 3: T-Test for Non Relevant Items 
  Pretest Post-test 
Mean 0.895349 0.872093 
Variance 0.054264 0.072536 
Observations 43 43 
df 42  
t Stat 0.813276  
P(T<=t) two-tail 0.420647  
 
 
 Above is the t-test performed on the two non-relevant items only, Item Number 1 and Item 
Number 2. Since the p-value for the two-tailed test was 0.420647, these two items were not significantly 
different from each other and can be safely excluded from our data analysis of the relevant-items. 
 After viewing our t-test results, we then examined the results of individual items.  To measure 
their gain and statistical significance we performed chi squared tests on number of correct for the 
pretest and the number of correct for the post-test. By examining each item we can determine if 
targeted items had a statistically significant gain or not. 
Item 1# 
 
 Below is the result of the first chi squared test. This question asked, “On which date does North 
America usually experience the longest period of daylight?” The results from the chi squared test 
demonstrate that the pretest post-test difference was not statistically significant, which was expected 
since this question was not targeted in the material covered in the activity. 
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Table 4: Chi Squared for Item 1 
 Correct Incorrect   
Pretest 36 7  
Post-
test 35 8  
    
    
M(Pre) 0.837209 M(Post) 0.813953 
 -0.03064  0.000939 
N 86 p 0.776282 
 0.080751   
    
Item #2 
 
 The second item asked the students, “What is one factor that contributes to seasons occurring 
in Worcester?” Since this item is a targeted item, we expected to see a gain from the pretest to the post-
test. By viewing the output of the chi squared test, there was an apparent trend from the pretest to the 
post-test but was not large enough to reach statistical significance. 
 
Table 5: Chi Squared for Item 2 
 Correct Incorrect  
Pretest 29 14  
Post-test 36 7  
    
    
M(Pre) 0.674419 M(Post) 0.837209 
 0.189466  0.035897 
N 86 p 0.078911 
 3.087179   
 
 
 
Item #3 
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 The third item asked the students, “The path of the sun, when observed daily, changes with the 
seasons because ___.” Since our activity did not demonstrate the path of the sun during the day nor 
mentioned it, the question is less targeted than other questions presented in our pretest, but since the 
cause in the change was relevant to our microworld, it was still included in our list of relevant questions. 
According to the chi squared results, this item yielded a statistically significant gain across the pretest 
and the post-test, suggesting that even though this question was not a primary topic of our microworld, 
the students understood one of the additional effects of the Earth's tilt. 
Table 6: Chi Squared for Item 3 
 Correct Incorrect  
Pretest 25 18  
Posttest 36 7  
    
    
M(Pre) 0.581395 M(Post) 0.837209 
 0.281681  0.079344 
N 86 p 0.008996 
 6.823607   
 
Item #4 
 
 This item asked the students, “Summer days in Worcester are likely to be hotter than winter 
days because in summer______.”  By adding in the choice of “Earth is closer to the sun,” we addressed 
the misconception of the distance from the Earth relative to the Sun as the major cause of the change in 
average temperate and seasons. This item was relevant to our activity and was experimented within the 
third microworld activity. Due to the high p value suggesting no statistical significance for our relevant 
question, we decided to investigate further what the nine students who answered this question 
incorrectly did within our third microworld activity; we did this by viewing their log files.  This is 
discussed following the chi squared results. 
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Table 7: Chi Squared for Item 4 
 Correct Incorrect  
Pretest 31 12  
Post-test 34 9  
    
    
M(Pre) 0.72093 M(Post) 0.790698 
 0.0812  0.006593 
N 86 p 0.45144 
 0.567033   
 
Item #5 
 
 The fifth item of the pretest asked the students, “On average, which of the following locations is 
the hottest?”  The topic of this question was explored within our first microworld featuring the map. 
This question was relevant to our activity and demonstrated a trend from the pretest to the post-test 
that was not statically significant. 
 
Table 8: Chi Squared for Item 5 
 Correct Incorrect  
Pretest 36 7  
Post-test 41 2  
    
    
M(Pre) 0.837209 M(Post) 0.953488 
 0.189934  0.036075 
N 86 p 0.078174 
 3.102453   
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Item #6 
 
 Item Number Six asked the students, “Which of the following statements best explains why it is 
warmer at the equator than at the North Pole?”   This question relates to the angle of the Sun's rays, 
which is linked to the temperature at particular locations on Earth. The topic of this question was 
covered in the third microworld and resulted in a slight trend that was not statistically significant. Having 
a larger test group (i.e., larger than 43) could have given us more statistical power and possibly yielded a 
significant effect on this item.  
Table 9: Chi Squared for Item 6 
 Correct Incorrect  
Pretest 28 15  
Post-test 34 9  
    
    
M(Pre) 0.651163 M(Post) 0.790698 
 0.155543  0.024194 
N 86 p 0.149177 
 2.080645   
 
 
Item #7 
 
 The final item asked, “The table below shows the average monthly temperatures for 
Massachusetts over a 30-year period. The average temperature for April is missing. Which is the best 
estimate of the average temperature for April?” This question is a table reading exercise and thus is not 
a targeted question for the activity. This question did not yield a statically significant gain and since it 
was a non-targeted item, these results are not surprising.  
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Table 10: Chi Squared for Item 7 
 Correct Incorrect  
Pretest 41 2  
Post-
test 40 3  
    
    
M(Pre) 0.953488 M(Post) 0.930233 
 -0.04969  0.002469 
N 86 p 0.644935 
 0.212346   
 
 
Student Results 
  
 We investigated the results of the chi squared test for Item 4 by performing a qualitative 
analysis on students’ who answered the question incorrectly on the posttest. By examining the students 
log files, we were able to determine the level of the students inquiry process when navigating through 
our seasons microworld. The following descriptions depict the students response followed by their 
overall results for the pretest / posttest. 
 
Student #1 
 The first student, Student #95125, conducted five trials. Of these five trials, two of the trials had 
correct interpretations, according to their data. This student answered the corresponding pre-test 
question correctly. The trials that we observed were those for which the data interpretations were 
correct. The hypothesis of the first correctly interpreted trial read, “If I change the day of the year, then 
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the angle of the sun's rays will change.” The data interpretation for this hypothesis was, “When I 
changed the day of the year, the angle of the sun's rays changed. I am basing this on data from trial 
number 1 compared to data from trial number 2. This statement does support my hypothesis.” This data 
interpretation is fundamentally correct. The hypothesis of the second correctly interpreted trial read, “If 
I change the day of the year, the angle of the sun's rays will change.” The data interpretation for this 
hypothesis was, “When I changed the day of the year, the angle of the sun's rays changed. I am basing 
this on data from trial 1 compared to data from trial 5. This statement supports my hypothesis”. Again, 
this interpretation is fundamentally correct. However, only two out of the five trials were given correct 
interpretations by this student. The student answered the post-test question associated with this 
microworld incorrectly. It is possible that the student did not understand the results of the trials they 
had run, or that they had led themselves astray with the incorrect interpretations outnumbering the 
correct ones. As for answering the corresponding question correctly on the pre-test, it is possible that 
the student guessed, or they simple did not understand the question. 
 
Table 11: Student 1 Scores 
Student 1 Pretest Posttest 
Average 57.14% 42.86% 
Item 1 Correct Correct 
Item 2 Incorrect  Incorrect  
Item 3 Incorrect  Incorrect 
Item 4 Correct Incorrect  
Item 5 Correct Correct 
Item 6 Incorrect  Incorrect  
Item 7 Correct Correct 
 
Student #2 
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The second student, Student #95183, conducted nine trials. Of the nine trials, two of them had 
correct interpretations. The trials that we observe are those whose data interpretations were correct. 
The hypothesis of the first correctly interpreted trial read, “If I change the day of the year, then the 
angle of the sun's rays will change.” The data interpretation for this hypothesis was, “When I changed 
the day of the year, the angle of the sun's rays changed. I am basing this on data from trial number 1 
compared to data from trial number 2. This statement does support my hypothesis.” This data 
interpretation is fundamentally correct. The hypothesis of the second correctly interpreted trial read, “If 
I change the day of the year, the angle of the sun's rays will change.” The data interpretation for this 
hypothesis was, “When I changed the day of the year, the angle of the sun's rays changed. I am basing 
this on data from trial 1 compared to data from trial 2. This statement does support my hypothesis.” 
Again, this interpretation is fundamentally correct. However, only two out of the nine trials were given 
correct interpretations by the student. This student must have conducted experiments whose data 
interpretation supported the incorrect conclusion to the problem. The student answered the post-test 
question associated with this microworld incorrectly. It is possible that the student did not understand 
the results of the trials they had run, or more likely that the student believed that the in correct 
interpretations were correct. 
 
Table 12: Student 2 Scores 
Student 2 Pretest Posttest 
Average 71.43% 71.43% 
Item 1 Correct Correct 
Item 2 Correct Correct 
Item 3 Correct Correct 
Item 4 Incorrect  Incorrect 
Item 5 Incorrect Incorrect  
Item 6 Correct Correct 
Item 7 Correct Correct 
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Student #3 
 
The third student, Student #95330, conducted twelve trials. Seven out of the twelve trials were 
run using the default settings or using June 22nd as the day. The trials we observed were those that 
would have impacted the student’s understanding the most. The hypothesis of the first correctly 
interpreted trial read, “If I change the day of the year, then the angle of the sun's rays will change.” The 
data interpretation for this hypothesis was, “When I changed the day of the year, the angle of the sun's 
rays changed. I am basing this on data from trial number 1 compared to data from trial number 5. This 
statement does support my hypothesis.” This data interpretation is fundamentally correct. One of the 
hypotheses for an incorrect interpretations read, “If I change the day of the year, the Earth’s tilt will 
change.” The data interpretation for this hypothesis was, “When I changed the day of the year, the 
Earth's tilt changed. I am basing this on data from trial 1 compared to data from trial 10. This statement 
does support my hypothesis.” This interpretation is entirely incorrect. The student conducted several 
trials and had results similar to these. This student must have conducted experiments whose data 
interpretation supported the incorrect conclusion to the problem. The student answered the post-test 
question associated with this microworld incorrectly This student seems to have believed that their data 
interpretations were correct, while the information that they covey are, in fact, incorrect. It is quite 
possible that the student simply did not understand the meaning of their data interpretations.  
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Table 13: Student 3 Scores 
Student 3 Pretest Posttest 
Average 42.86% 42.86% 
Item 1 Incorrect Incorrect 
Item 2 Incorrect Incorrect 
Item 3 Correct Correct 
Item 4 Incorrect Incorrect 
Item 5 Correct Correct 
Item 6 Incorrect Incorrect 
Item 7 Correct Correct 
 
 
Student #4 
 
The fourth student, Student #95335, conducted three trials. Out of these three trials, two of the 
trials were the same. The trials that we observed were those that impacted the student’s understanding 
the most. The hypothesis of the repeated trials read, “If I change the day of the year, the angle of the 
sun's rays will change.” The data interpretation for this hypothesis was, “When I changed the day of the 
year, the angle of the sun's rays changed. I am basing this on data from trial 1 compared to data from 
trial 3. This statement does support my hypothesis.” This data interpretation is fundamentally correct. 
However, since two of the trials were the same, the student did not have sufficient information to draw 
a correct conclusion. The third trial run by this student did not provide any contrasting information 
because the student tested whether the tilt changed with the day of the year. No information within the 
first two trials could be compared to this third trial.  
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Table 14: Student 4 Scores 
Student 4 Pretest Posttest 
Average 42.86% 42.86% 
Item 1 Correct Correct 
Item 2 Correct Incorrect  
Item 3 Incorrect  Incorrect  
Item 4 Incorrect  Incorrect 
Item 5 Incorrect  Correct 
Item 6 Incorrect Incorrect 
Item 7 Correct Correct 
 
 
Student #5 
            The fifth student, Student #95339, conducted five trials. All five of the trials this student ran 
were the same. The trials that we observed were those that impacted the student’s understanding the 
most. The hypothesis of the repeated trials read, “If I change the day of the year, the Earth's tilt will stay 
the same.” The data interpretation for this hypothesis was, “When I changed the day of the year, the 
angle of the sun's rays changed. I am basing this on data from trial 3 compared to data from trial 1. This 
statement does support my hypothesis.” This data interpretation is fundamentally correct. However, 
since all five of the trials this student ran were the same, the student did not have sufficient information 
to draw a correct conclusion. It is possible that the student based this conclusion on prior knowledge, 
but that does not provide any insight as to why they answered the post-test question incorrectly. 
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Table 15: Student 5 Scores 
Student 5 Pretest Posttest 
Average 57.14% 85.71% 
Item 1 Correct Correct 
Item 2 Incorrect  Correct 
Item 3 Incorrect  Correct 
Item 4 Incorrect  Incorrect  
Item 5 Correct Correct 
Item 6 Correct Correct 
Item 7 Correct Correct 
 
 
 
Student #6 
 The sixth student, Student #107279, conducted five trials. Of these five trials, the student 
generated two interpretations for four of the hypotheses that they wrote. The trials that we observed 
were those for which the data interpretations were correct. The hypothesis of the first correctly 
interpreted trial read, “If I change the day of the year, the angle of the sun's rays will change.” The data 
interpretation for this hypothesis was, “When I changed the day of the year, the Earth's tilt changed. I 
am basing this on data from trial 1 compared to data from trial 2. This statement does support my 
hypothesis.” This data interpretation is fundamentally correct. The hypothesis of the second correctly 
interpreted trial read, “If I change the day of the year, the Earth's tilt will change.” The data 
interpretation for this hypothesis was, “When I changed the day of the year, the Earth's tilt changed. I 
am basing this on data from trial 1 compared to data from trial 2. This statement does support my 
hypothesis.” Again, this interpretation is fundamentally correct. However, only one of the five trials was 
given correct interpretations by the student. The student interpreted incorrect data, which lead to 
incorrect conclusions, resulting in their incorrect answer on the post-test. The student answered the 
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post-test question associated with this microworld incorrectly. It seems that the students did not fully 
understand the conclusions they came to and that they were fundamentally incorrect. 
 
Table 16: Student 6 Scores 
Student 6 Pretest Posttest 
Average 28.57% 71.43% 
Item 1 Incorrect  Incorrect  
Item 2 Incorrect Correct 
Item 3 Incorrect  Correct 
Item 4 Incorrect  Incorrect  
Item 5 Incorrect Correct 
Item 6 Correct Correct 
Item 7 Correct Correct 
 
 
Student #7 
 
 The seventh student, Student #107424, conducted two trials. The student did not change any 
variables between these trials. This student answered the corresponding pre-test question correctly. 
The trials that we observed were those that impacted the student’s understanding the most. The 
hypothesis of the repeated trials read, “If I change the day of the year, the angle of the sun's rays will 
change.” The data interpretation for this hypothesis was, “When I changed the day of the year, the 
Earth's tilt changed. I am basing this on data from trial 1 compared to data from trial 2. This statement 
does support my hypothesis.” This data interpretation is incorrect. The interpretation and the 
hypothesis for this trial are not related. During the pre-test, it is possible that the student guessed, or 
they simple did not understand the question. Since both of the trials were the same, the student did not 
have sufficient information to draw a correct conclusion. Their data interpretation is most likely what 
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lead the student to give the incorrect answer on the evaluation. Without sufficient data to form a 
conclusion, the student left the activity with a misunderstanding of the material.  
 
 
Table 17: Student 7 Scores 
Student 7 Pretest Posttest 
Average 57.14% 85.71% 
Item 1 Correct Correct 
Item 2 Incorrect  Correct 
Item 3 Incorrect Correct 
Item 4 Correct Incorrect 
Item 5 Correct Correct 
Item 6 Incorrect  Correct 
Item 7 Correct Correct 
 
Student #8 
 The eighth student, Student #107425, conducted two trials. The student did not run any trials 
concerning the angle of the sun’s rays. The trials that we observed were those that impacted the 
student’s understanding the most. This student answered the corresponding pre-test question correctly. 
The hypothesis of the repeated trials read, “If I change the day of the year, the Earth's tilt will change.” 
The data interpretation for this hypothesis was, “When I changed the day of the year, the Earth's tilt 
changed. I am basing this on data from trial 1 compared to data from trial 2. This statement does 
support my hypothesis.” This data interpretation is incorrect. However, the student did not run any 
trials concerning the angle of the sun’s rays; by not doing so, the student missed one of the core 
concepts that the microworld. During the pre-test, it is possible that the student guessed the answer to 
the question, or they did not understand the why their answer was correct. The student misunderstood 
the data that they gathered and formed an incorrect conclusion based on such.  
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Table 18: Student 8 Scores 
Student 8 Pretest Posttest 
Average 100.00% 85.71% 
Item 1 Correct Correct 
Item 2 Correct Correct 
Item 3 Correct Correct 
Item 4 Correct Incorrect 
Item 5 Correct Correct 
Item 6 Correct Correct 
Item 7 Correct Correct 
 
 
Student #9 
 The ninth student, Student #107431, conducted two trials. The student ran both trials without 
changing the day of the year. The trials that we observed were those that impacted the student’s 
perception the most. The hypothesis of the repeated trials read, “If I change the day of the year, the 
Earth's tilt will change.” The data interpretation for this hypothesis was, “When I changed the day of the 
year, the Earth's tilt changed. I am basing this on data from trial 1 compared to data from trial 2. This 
statement does support my hypothesis.” This data interpretation is incorrect. The student misled them 
self with the incorrect data interpretation. The student did not conduct enough trials to observe 
appropriate situations that would lead them to the correct conclusion. 
Table 19: Student 9 Scores 
Student 9 Pretest Posttest 
Average 71.43% 57.14% 
Item 1 Correct Correct 
Item 2 Incorrect Incorrect  
Item 3 Incorrect  Incorrect 
Item 4 Correct Incorrect  
Item 5 Correct Correct 
Item 6 Correct Correct 
Item 7 Correct Correct 
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Conclusion 
 
 The seasons activity demonstrated success for teaching the basic concept of seasons. During 
testing, the students appeared engaged and they concentrated for the length of the class period, which 
we feel resulted in good conditions for data collection. Overall, we discovered the gain from the pretest 
to the post-test was statically significant, excellent considering our small sample size of 43 students. 
Only having 43 students test our activity affected the results of the chi squared tests performed on the 
individual items. Only Item 3 yielded a difference that was statistically significant. Targeted items 2, 5, 
and 6 showed positive trends, but were not statistically significant. Item 1, 4, and 7 yielded neither 
statistically significant difference, nor did they show any trends. This was expected for items 1 and 7 as 
there were non-relevant items to our activity. Item 4 was one of our relevant questions as it tackled our 
misconception presented in the introduction dealing with the misconception that the Earths distance 
from the Sun changes throughout the year causing the seasonal changes. Shown by the chi squared test, 
there were still 9 students who incorrectly answered the question after they had completed the activity. 
After we analyzed the students’ actions within the seasons microworld, there were two students who 
ran many trials and generated multiple hypotheses with some incorrect interpretations, which were 
inconclusive. There were two students who performed enough trials to justify their interpretations, 
completing the activity. Three students only performed two of the same trial, and the final two students 
generated many trials but majority of them were the same and all of their interpretations were 
incorrect. Since there was an even spread of different cases, this analysis was inconclusive for 
determining potential problems with the seasons microworld in terms of its design.  
 Since this activity was successful and provided reliable data with a small set of students, this 
activity can be added to the collection of microworld activities for future testing environments. Having a 
larger number of students test these activities would provide more data, which may result in more 
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conclusive chi squared results on individual items, allowing for additional analyses and the ability to 
target any potential problem areas within the activity since the chi squared test results only indicated 
trends. For example, if many more students completed the seasons world with correct interpretations 
based on their trials, but still did not correctly answer test item 4, we would then know that there was 
an issue with the seasons microworld and use that testing to determine possible solutions.  
 Suggested future improvements for the activity would be the inclusion of a Hypothesis Builder 
for the exploratory microworld and an open response item for the seasons microworld. This would allow 
for a parallel comparison of individual student’s actions throughout various part of the activity. This 
information would provide us ability to track the development of the students’ hypotheses, interactions 
with the microworlds, and open responses pertaining to the microworld. That feedback would allow for 
the activity to be modeled to convey the topic of seasons to the students, but also encourage the 
students to develop a scientific approach to problems not only presented by Science ASSISTments but 
possibly outside of the computer environment in the real world. 
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